Background: The number of older people needing dementia care is projected to rise rapidly, and local districts are now charged with responding to this need. But evidence on local area factors of dementia is scarce. We studied the odds of dementia prevalence and its individual risk factors enriched with area factors. Results: The prevalence of dementia by this method is 8.8% (95% confidence interval 7.7%-9.2%) in older adults in England. Maps of dementia prevalence across districts showed prevalent areas. In the full model, no area characteristics were significant in predicting dementia prevalence. Education, social connections, internet use, and moderate to vigorous physical activity showed protective associations.
Furthermore, local authorities have been tasked to deliver dementia services through Public Health England. However, evidence is scarce on how prevalence of dementia varies across local districts, and to what extent district factors predict dementia status in older residents. Our goal is to furnish this evidence.
If the effects impact more than the patients and their carers, the determinants likewise have been found beyond the patient, namely in the surrounding areas. The comparative Scotland-Sweden study of people aged 65 and over suggested a residual association of dementia with area characteristics. 2 Further, the Cambridge Cognitive Function and Ageing Study (CFAS) explored a number of area characteristics. 3 It found that land use mix had an independent protective effect on dementia risk. Another area characteristic which has been suggested to accompany higher dementia prevalence is area deprivation. If the area factors are materially linked to older people's health, then potential interventions targeted at certain areas can be explored by local districts.
Although entirely plausible area context is rarely examined nationwide; more often studied are individual characteristics. Education and occupation have been theorised to indicate brain or cognitive reserve. 4 They confer accumulated reserve, which prevents brain pathology accumulated with ageing from becoming manifest in practice. 5 Beyond age and sex, other covariates of dementia risk have been noted in the literature: wealth, social connections, comorbidities, and health behaviours. 6 Wealth affords better health input such as nutrition and better health maintenance such as gym membership. 
| Confounders
We included an extensive set of confounders which were known to affect cognitive function of older Britons or used in the original validation of the tests. Demographic covariates include sex and age (60 to 89 because aged is capped at 90). Cognitive functions, like other health functions, are also shaped by social determinants of health. 19, 20 These determinants include occupational class (3 categories: managerial, intermediate, and routine manual class as reference), wealth tertiles (wealthiest, middle, and poorest as reference), marital status (married/union, divorced or separated, and single as reference), and education. 4 Using the Internet, including browsing for information, has been found to relate to cognitive function in this sample, 6 so an indicator of internet use is included. Social connections were constructed from responses on how often on average respondents (1) meet with friends, or (2) phone them, or (3) write to them; the average ranges from 0 for never or less than once a year to 6 for 3 times or more a week.
Because it is widely known that risk factors for cardiovascular disease may be implicated in cognitive decline, 21 we also include these risk factors or cardiovascular disease status. Moreover, because comorbidities generally accompany ageing, comorbidities are also considered, covering diabetes, cancer, chronic obstructive pulmonary disease, and arthritis.
Behavioural risk factors known to be effective in cross-sectional studies include smoking (current smoker and not current smoker as reference), drinking (days in a week having a drink), and physical exercise (vigorous, moderate physical exercise, and sedentary as reference;
according to the Allied Dunbar physical exercise scale.
22
Only those with complete information were retained in the analysis. Differences between the analytic (N = 5232) and excluded samples (N = 2268) were tested using t test for continuous variable and χ 2 test for categorical variables. There were more women compared with men in both samples (P < 0.001). The excluded sample has lower TICS scores on average, but the difference is not significant (P = 0.99) and is younger but not significantly so (P = 0.99).
| Method
Because ELSA respondents living in different districts constitute a multilevel sample, we applied multilevel logistic model to explain dementia in terms of area and individual predictors. A baseline model was fitted with random area intercepts in order to assess the proportion of variation attributed to area and individual
Key points
• The modified telephone interview for cognitive status used in this study gives a dementia prevalence of 8.8%, same as the rate in the US.
• Prevalence is distributed unevenly across local area authorities in England.
• Dementia in older adults in England is largely predicted by individual characteristics.
(A) (B) characteristics. The final model further added area deprivation and land use mix. All analysis was done in Stata version 14.
| RESULTS
Some key characteristics of the sample are the following: mean age is 72 years, the majority are females (56.7%), married or in union (63.5%), and nearly 30% were educated at college level. Moderate or vigorous physical activities were reported by 16.6%, social connections (meet, phone, write) were maintained every few months (2.9), and more than half have used the internet (58.6%).
The national prevalence of 8.8% (95% confidence interval 7.7%-9.2%) masks a range of spatial variation which can be grasped from a map. We are careful not to comment on particular districts, preferring to note the variation across the country. The map on the right pane is drawn with a further adjustment to prevalence. The map increased the size of the areas where dementia prevalence are highest, according prominence to those areas with most need (Figure 1 ).
One way of exploring this district variation is by analysing dementia using multilevel model with individual and district characteristics (Table 1, 
| DISCUSSION AND CONCLUSION
Motivated by the recent devolution of health and social care in England to local authority districts, we studied the variation in dementia prevalence across districts. Upon investigation, the spatial variation is found not to be driven by contextual differences. Instead, dementia is primarily associated with individual risk factors.
The data revealed that of people aged 60 and older, 8.8% have dementia, same as in the US. 17, 23 This is higher than reported for CFAS sample (7.6%) which are older. This difference may reflect the fact that the country has more regions with residents who are less advantaged than the residents of the 4 regions of CFAS.
This study has a number of limitations. First, because of its crosssectional design, no causal inference can be drawn. Second, the outcome is measured using a neuropsychological instrument without clinical examination, no doubt due to cost concerns in a nationwide study. ters. 3 The same study, however, noted that higher land use mix associates with lower odds of dementia. The authors suggested that communities with a higher mixture of land use enable more residents to be more engaged and physically mobile. It is possible that the observed effect of land use mix is actually due to individual physical activity which is found positive here.
In short, individual factors including social determinants and health behaviours largely predict older people's dementia status. So, education is important, as has been found for other health outcomes in later life. 6, [24] [25] [26] In the context of dementia, education and complex occupation are often understood to confer cognitive reserve. Relatedly, the reduced odds of dementia among internet users may also be understood as enhancing cognitive reserve, as such use elicits different actions and coordinations, for instance tapping, swiping, and squeezing. 23 The use of a validated comparable instrument facilitates international study of dementia. Further examination of the burden of dementia around the world is an eminently empirical question to serve the needs of the global ageing population.
